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DESCRIPTION 
HERMETIC COMPRESSOR 

TECHNICAL FIELD 

5 The present invention relates to a hermetic compressor used in refrigeration 

cycle of freezer-refrigerator or the like. 

BACKGROUND ART 

A hermetic compressor used, for example, in household freezer-refrigerator is 
10 recently demanded to be lower in power consumption. A conventional hermetic 
compressor is improved in efficiency by modifying the outline shape of piston to 
reduce frictional loss between piston and cylinder. Such technology is disclosed, for 
example, in PCT International Publication WO02/02944A1. 

This conventional hermetic compressor is described below while referring to 
15 the drawings. 

FIG. 6 is a longitudinal sectional view of conventional hermetic compressor, 
and FIG. 7 is a perspective view of piston described in the publication used in the 
conventional hermetic compressor. 

In FIG. 6 and FIG. 7, a motor element 4 and a compressor element 5 are 
20 accommodated in a hermetic container 1. The motor element 4 consists of a stator 2 
having a winding 2a, and a rotor 3. The compressor element 4 is driven by the 
motor element 4. Oil 6 is stored in hermetic container 1. 

A crank shaft 10 included in the compressor element 5 has a main shaft 11 
mounting the rotor 3, and an eccentric shaft 12 formed eccentrically to the main 
25 shaft 11. Inside of the main shaft 11, an oil pump 13 is provided to be open in the 
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oil 6. A block 20 has a cylindrical cylinder 21, and a bearing 22 for supporting the 
main shaft 11. The block 20 is disposed above the motor element 4. A piston 30 is 
inserted reciprocally and slidably in the cylinder 21 of the block 20, and is coupled 
to the eccentric shaft 12 by way of a linkage part 41. 
5 As shown in FIG. 7, the piston 30 is composed of top surface 31, skirt surface 

32, and outer circumference 33. The outer circumference 33 includes a seal surface 
34, at least two guide surfaces 35, and removing part 36. The seal surface 34 is 
formed to contact tightly with the inner circumference of the cylinder 21. At least 
two guide surfaces 35 are formed to contact with part of the inner circumference of 
10 the cylinder 21, and is extended almost parallel to the moving direction of the piston 
30. The removing part 36 does not contact with the inner circumference of the 
cylinder 21. 

This prior art is characterized by that the angle formed by the line linking 
central axis 37 of cylindrical piston 30 and boundary edge 35a of guide surface 35 in 

15 radial direction of piston 30, and the line linking central shaft 37 and boundary edge 
35b of guide surface 35 in radial direction of piston 30 is 40 degrees or less, or 
preferably 30 degrees or less. 

In the conventional hermetic compressor having such configuration, the 
operation is explained below. 

20 During operation of hermetic compressor, the piston 30 back and forth in the 

cylinder 21. When the piston 30 is in a bottom dead center, part of skirt side of the 
piston 30 protrudes from the cylinder 21. When the piston 30 gets into the cylinder 
21, it is guided by the guide surface 35 and smoothly moves into the cylinder 21. 
The sliding surface formed by the inner circumference of cylinder 21 and outer 

25 circumference of piston 30 is decreased by the removing part 36 of piston 30 and is 
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hence reduced in sliding resistance, so that the sliding loss can be decreased. 

When moving from the bottom dead center to a top dead center in compression 

stroke, the top surface 31 of piston 30 receives compressive load of refrigeration gas. 

At this time, the crank shaft 10 is pushed by force toward the anti-piston direction 
5 by way of the connecting rod 41, and the crank shaft 10 is bented. As a result, a 

strong force acts to incline the piston 30 in vertical direction. 

In the conventional configuration, however, inclination of piston 30 on 

cylinder 21 in vertical direction is regurated only by the small interval from the edge 

of top surface 31 of piston 30 to edge of seal surface 34, and by a gap of outer 
10 circumference 33 of piston 30 and cylinder 21. Accordingly, the piston 30 is 

inclined largely, and the amount of refrigerant gas leaking from the top dead center 

to the bottom dead center of piston 30 is increased through the gap expanded by 

increase of slope angle of pistons. As a result, the refrigeration capacity of hermetic 

compressor is lowered. 
15 Along with increase of slope angle of piston, surface pressure increases in 

boundary edges 35a, 35b of guide surface 35 of piston 30, and local wear is likely to 

occur. As a result, the reliability as hermetic compressor is lowered, and the 

efficiency is also lowered. 

These problems are particularly manifest when R600a is used as refrigerant 
20 because, generally, the outside diameter of piston 30 is larger, and the refrigerant is 

likely to leak out. Hence, in the hermetic compressor using R600a as refrigerant, 

efficiency is lowered significantly. 

DISCLOSURE OF THE INVENTION 
25 A hermetic compressor of the invention stores oil in a hermetic container and 
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accommodates a compression mechanism for compressing refrigerant gas. 

The compression mechanism is disposed in vertical direction, and comprises a 
crank shaft having a main shaft and a eccentric shaft, a block forming a cylinder, a 
piston making a reciprocating motion in the cylinder, and having a top surface and a 
5 skirt surface vertical to a direction of the reciprocating motion, a connecting rod for 
coupling the eccentric shaft and the piston, and an oil supply system for supplying 
the oil to an outer circumference of the piston. 

Grooves are provided at an upper side and a lower side of the outer 
circumference of the piston. Of an outer shape of the grooves, the outer shape of the 
10 grooves communicating with a space in the hermetic container at least when the 
piston is in the bottom dead center is a shape not forming a parallel line to an axial 
center of the piston when the grooves are developed in a plane. 

By this configuration, a high efficiency is achieved by reduction of frictional 
loss by decrease of contact area. The piston is less likely to incline in vertical 
15 direction to the cylinder, and leak of refrigerant is suppressed, and decline of 
volume efficiency is prevented. Moreover, lateral pressure load to sliding parts 
when the piston is inclined is decreased and local wear can be decreased. As a result, 
hermetic compressor of high reliability, large refrigerating capacity and high 
efficiency is presented. 
20 The hermetic compressor of the invention may be also composed as follows. 

The hermetic compressor stores oil in a hermetic container and accommodates 
a compression mechanism for compressing refrigerant gas. 

The compression mechanism is disposed in vertical direction, and comprises a 
crank shaft having a main shaft and a eccentric shaft, a block forming a cylinder, a 
25 piston making a reciprocating motion in the cylinder, and having a top surface and a 
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skirt surface vertical to a direction of the reciprocating motion, a connecting rod for 
coupling the eccentric shaft and the piston, and an oil supply system for supplying 
the oil to an outer circumference of the piston. 

Grooves are provided at an upper side and a lower side of the outer 
5 circumference of the piston. The grooves include a first groove portion extending 
toward the skirt side of the piston, and a second groove portion extending toward 
the top side of the piston, and the outer shape of the first groove portion is curved, 
and the first groove portion communicates with a space in the hermetic container at 
least when the piston is in the bottom dead center. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal sectional view of hermetic compressor in a preferred 
embodiment of the invention. 

FIG. 2 is a magnified view of elements around piston used in the hermetic 
15 compressor in FIG. 1. 

FIG. 3 is a top view of piston used in the hermetic compressor in FIG. 1. 

FIG. 4 is a characteristic diagram of groove depth and coefficient of 
performance of piston used in the hermetic compressor in FIG. 1. 

FIG. 5 is a schematic diagram showing groove processing method of piston 
20 used in the hermetic compressor in FIG. 1. 

FIG. 6 is a longitudinal sectional view of conventional hermetic compressor. 

FIG. 7 is a perspective view of piston used in the conventional hermetic 
compressor. 



25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



6 



Preferred embodiments of the invention are specifically described below while 
referring to the accompanying drawings. It must be noted, however, that the 
invention is not limited to the preferred embodiments alone. 

FIG. 1 is a longitudinal sectional view of hermetic compressor in a preferred 
5 embodiment of the invention, FIG. 2 is a magnified view of elements around piston 
used in the hermetic compressor in FIG. 1, FIG. 3 is a top view of piston used in the 
hermetic compressor in FIG. 1, and FIG. 4 is a characteristic diagram of groove 
depth and coefficient of performance of piston used in the hermetic compressor in 
FIG. 1. In FIG. 4, the axis of abscissas denotes the groove depth of piston, and the 
10 axis of ordinates represents the coefficient of performance (C.O.P.). FIG. 5 is a 
schematic diagram showing groove processing method of piston used in the 
hermetic compressor in FIG. 1. 

In FIG. 1 to FIG. 3, the hermetic compressor of the preferred embodiment of 
the invention stores oil 106 and accommodates a compression mechanism 105 for 
15 compressing refrigerant gas in a hermetic container 101. 

The compression mechanism 105 comprises a crank shaft 110 having main 
shaft 111 and eccentric shaft 112 disposed in vertical direction, a block 130 forming 
a cylinder 131, a piston 140 moving reciprocally in the cylinder 131 and having top 
surface 251 and skirt surface 252 vertical to reciprocal direction, a connecting rod 
20 146 for coupling the eccentric shaft 112 and piston 140, and an oil supply system 
120 for supplying oil 106 to outer circumference 150 of piston 140. 

Grooves 153 are provided at the upper side 154 and lower side 155 of outer 
circumference of piston 140. Of the outer shape of grooves 153, at least the outer 
shape of groove 153 communicating with the space in the hermetic container 101 
25 when the piston 140 is in a bottom dead center is a shape not forming parallel line to 
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axial center 170 of piston 140 when the groove 153 is developed in a plane. 

Or, outer shape of all grooves 153 may be formed in a shape not forming 
parallel line to axial center of piston 140 when grooves 153 are developed in a plane. 

Depth of grooves 153 from outer circumference 150 of piston 140 is preferably 
5 50 jxm or more to 400 jxm or less. 

Outer shape of grooves 153 is preferably as follows. That is, the outer shape of 
groove 153 is a semicircular shape extending toward the side of the skirt side 152 of 
piston 140, and this semicircular shape includes a first outer shape 201 extending 
toward the side of skirt side 152 of piston 140, a second outer shape 202 parallel to 
10 the top surface 251 of piston 140, and a third outer shape 203 linking the first outer 
shape 201 and second outer shape 202, and the curvature of first outer shape 201 is 
smaller than the curvature of third outer shape 203. 

The preferred embodiment is particularly effective when gas of hydrocarbon 
refrigerant is used as refrigerant gas. 
15 The groove 153 is further described below by referring to a different example. 

The groove 153 has a first groove portion 301 extending toward the side of 
skirt side 152 of piston 140, and a second groove portion 302 extending toward the 
side of top side 151 of piston 140. 

The outer shape of first groove portion 301 is curved, and the first groove 
20 portion 301 communicates at least with the space in the hermetic container 101 
when the piston 140 is in the bottom dead center. 

The meaning that the outer shape of first groove portion 301 is curved is that 
the outer shape of groove 153 at least communicating with the space in the hermetic 
container 101 when the piston 140 is in the bottom dead center, out of the outer 
25 shape of the groove 153, is a shape not forming parallel line to axial center 170 of 
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piston 140 when the groove 153 is developed in a plane. 

The curve of outer shape of first groove portion 301 may be an arc such as first 
outer shape 201 shown in FIG. 3, or a bent curve. The curve may partly include a 
straight portion, as far as the straight portion does not form parallel line to axial 
5 center 170 of piston 140. 

This is a characteristic feature of hermetic compressor of the preferred 
embodiment, and the configuration is more specifically described below by referring 
to FIG. 1 to FIG. 3. 

The hermetic compressor of the preferred embodiment accommodates a motor 

10 element 104 and a compression mechanism 105 in a hermetic container 101. The 
motor element 104 includes a stator 102 and a rotor 103. The motor element 104 is 
driven by inverter at plural operating frequencies including an operating frequency 
lower than power source frequency. The compression mechanism 105 is driven by 
motor element 104. Oil 106 is stored in hermetic container 101. 

15 The refrigerant used in the hermetic compressor is hydrocarbon refrigerant 

R600a which is a natural refrigerant low in warming coefficient. 

The crank shaft 110 has a main shaft 111 mounting the rotor 103, and an 
eccentric shaft 112 formed eccentrically to the main shaft 111, being disposed 
nearly in vertical direction. 

20 The oil supply system 120 is composed of centrifugal pump 122, viscous pump 

121, longitudinal hole 123, and lateral hole 124. The centrifugal pump 122 has one 
end opened into the oil 106, and other end communicating with one end of viscous 
pump 121. The centrifugal pump 122 is formed inside of the crank shaft 110. Other 
end of viscous pump 121 communicates with longitudinal hole 123. The 

25 longitudinal hole 123 communicates with the lateral hole 124. The longitudinal hole 
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123 and lateral hole 124 is opened to the space in the hermetic container 101. 

The block 130 forms a nearly cylindrical cylinder 131, and has a main bearing 
132 for supporting the main shaft 111. A warped contact part 134 is formed in the 
upper part of the cylinder 131. 
5 The piston 140 is inserted reciprocally and slidably in the cylinder 131 of the 

block 130. The piston 140 is coupled to the eccentric shaft 112 of the crank shaft 
110 by way of connecting rod 146 which is connecting rod. As shown in FIG. 2, 
when the piston 140 is in the bottom dead center, part of the skirt side of the piston 
140 protrudes from the cylinder 131. 

10 On the outer circumference 150 of piston, grooves 153 are formed at the upper 

side 154 and lower side 155 of outer circumference. Both grooves 153 communicate 
with the space in the hermetic container 101 at least when the piston 140 is in the 
bottom dead center. However, the both grooves 153 are not extended to the top side 
151 and skirt side 152 of piston 140. 

15 Of outer shapes of grooves 153, at least the outer shape of the groove 153 

communicating with the space inside the hermetic container 101 when the piston 
140 is in the bottom dead center is a shape not forming parallel line to the axial 
center 170 of piston 140 when the groove 153 is developed in a plane. 

Referring now to FIG. 3, the shape of groove 153 is more specifically 

20 described. FIG. 3 is an explanatory diagram seeing from the top of piston 140. 

The outer shape of groove 153 is a semicircular shape extending toward the 
side of the skirt side 152 of piston 140. This semicircular shape includes a first 
outer shape 201 extending toward the side of skirt side 152 of piston 140, a second 
outer shape 202 parallel to the top surface 251 of piston 140, and a third outer shape 

25 203 linking the first outer shape 201 and second outer shape 202, and the curvature 
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of first outer shape 201 is smaller than the curvature of third outer shape 203. 

In other words, the groove 153 includes a first groove portion 301 extending to 
the side of skirt side 152 of piston 140 at the left side of the boundary of imaginary 
line (double dot chain line) linking the upper and lower borders 160 in FIG. 3, and a 
5 second groove portion 302 extending to the side of top side 151 of piston 140 at the 
right side. The groove 153 has a concave shape enclosed by first outer shape 201 of 
first groove portion 301, second outer shape 202 of second groove portion 302, and 
third outer portion 203 of second groove portion 302. 

The outer shape of the first groove portion 301, that is, the first outer shape 
10 201 is curved, and, as shown in FIG. 2, at least the first groove portion 301 
communicates with the space in the hermetic container 101 when the piston 140 is 
in the bottom dead center. 

A through-hole 305 is provided nearly in the center of the groove 153. 

Curvature of first outer shape 201 of first groove portion 301 extending toward 
15 the side of skirt side 152 of piston 140 is formed smaller than curvature of third 
outer shape 203 of second groove portion 302 extending toward the side of top side 
151 of piston 140. 

Depth of groove 153 from outer circumference 150 of piston is 50 \im or more 
to 400 pan or less. Accordingly, the end mill for processing the groove 153 can 
20 form the groove 153 by turning around the piston by one revolution as shown in FIG. 
5. The total area of grooves 153 is composed so as to be larger than the area of 
piston outer circumference 150 excluding the grooves 153. 

As shown in FIG. 2, plural annular grooves 191 is formed near the side of top 
side 151 of outer circumference of piston 140. 
25 In the hermetic compressor thus composed, the action and operation are 
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explained below. 

The rotor 103 of the motor element 104 rotates the crank shaft 110. Rotary 
motion of eccentric shaft 112 of crank shaft 110 is transmitted to piston 140 by way 
of connecting rod 146 and piston pin 142, and the piston 140 moves reciprocally in 
5 the cylinder 131. As a result, the refrigerant gas is sucked into the cylinder 131 
from the cooling system (not shown) and compressed, and discharged again into the 
cooling system. 

On the other hand, the oil supply system 120 elevates the oil 106 by centrifugal 
pump 122 by centrifugal force generated by rotation of centrifugal pump 122 along 

10 with rotation of crank shaft 110. The oil 106 reaching the viscous pump 121 is 
elevated within the viscous pump 121, and sprinkled into the hermetic container 101 
from the longitudinal hole 123 and lateral hole 124. The sprinkled oil 106 hits 
against the contact part 134, and sticks to the outer circumference 150 of piston by 
way of notch 135. Sticking oil 106 invades into outer circumference 150 of piston, 

15 groove 153, and annular groove 191 along with reciprocal motion of piston 140, and 
lubricates between the outer circumference 150 of piston and cylinder 131. 

At this time, in the preferred embodiment, as shown in FIG. 1 and FIG. 2, part 
of the skirt side of piston 140 is designed to protrude from the cylinder 131 when 
the piston 140 is in the bottom dead center. As a result, when the piston 140 comes 

20 to the bottom dead center, the groove 153 protrudes out of the cylinder 131 and 
receives oil 106, so that oil 106 is sufficiently supplied into the groove 153. 

The shape of the groove 153 when developed in a plane is a curved shape to be 
gradually increased in sliding width toward the skirt direction of piston 140 so as 
not to form parallel line to axial center 170 of piston 140. By this configuration, the 

25 oil 106 getting into the groove 153 is stored near the upper part of the groove 153. 
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The stored oil 106 is sent into the inner side of the cylinder 131 when the piston 140 
moves from the bottom dead center to a top dead center. The oil 106 is further 
attracted into the gap between the cylinder 131 and outer circumference 150 of 
piston when the piston 140 moves from the top dead center to the bottom dead 
5 center along with motion of the piston 140, and thereby lubricates the area near the 
sliding parts of the top effectively. 

By this action, a sufficient oil film is formed between the cylinder 131 and 
outer circumference 150 of piston, and an extremely high sealing performance is 
obtained. As a result, the hermetic compressor of the embodiment is enhanced in 

10 volume efficiency, and is hence enhanced in refrigerating capacity. 

Since the shape of the groove 153 developed in a plane does not form parallel 
line to axial center 170 of piston 140, and it is effective to prevent local wear such 
as stepped wear in reciprocal motion direction occurring when parallel line to axial 
center of piston is formed, and together with improved lubricity, an extremely high 

15 reliability is obtained. 

When the piston 140 is in the top dead center, the inside of the cylinder 131 is 
at high pressure because of compressed refrigerant, and refrigerant tends to escape 
from the gap between the cylinder 131 and outer circumference 150 of piston. At 
this time, by the compressive load occurring in the cylinder 131, the crank shaft 110 

20 is pushed in the direction of the bottom dead center by way of piston pin 142 and 
connecting rod 146, and is bented largely in the vertical direction, and the piston 
140 is inclined in vertical direction to the cylinder 131. 

In this preferred embodiment, however, since the shape forming the piston 
groove 153 is formed in curvature increasing in the sliding width toward the skirt 

25 direction of piston 140, and is held widely in inclining direction, so that large 



13 

inclination of piston 140 can be prevented. 

As a result, leak of refrigerant from the cylinder 131 into the hermetic 
container 101 is suppressed, and lateral pressure load to the sliding parts when 
inclining is decreased, and local wear is prevented, and the reliability of sliding parts 
5 is enhanced. 

FIG. 4 shows the characteristic of groove depth and coefficient of performance 
COP (W/W) of compressor of the preferred embodiment, using R600a as refrigerant. 
In the diagram, 19 rps and 27 rps refer to rotating speed of crank shaft. 

As clear from this result, since the depth of groove 153 from outer 
10 circumference of piston is 50 [im or more to 400 [im or less, in low speed operation 
of high power saving effect of refrigerator, aside from sliding loss reducing effect 
by viscous resistance, sealing effect for preventing leak of refrigerant gas is 
enhanced, and higher efficiency is obtained. 

If the depth of groove 153 exceeds 400 (am, the coefficient of performance is 
15 lowered because it is estimated that the oil stored in the groove 153 is less likely to 
distribute around the piston 140 when the groove 153 is too deep, thereby impairing 
the sealing performance. On the other hand, the lower limit is about 50 \xm from the 
viewpoint of management of process. 

In FIG. 3 and FIG. 5, the shape of groove 153 is a semicircular shape 
20 extending toward the side of the skirt side 152 of piston 140. The curvature of first 
outer shape 201 of first groove portion 301 extending toward the side of skirt side 
152 of piston 140 is smaller than the curvature of third outer shape 203 of second 
groove portion 302 extending toward the side of top side 151 of piston 140. As 
shown in FIG. 5, the end mill turns around the groove 153 by one reciprocal motion 
25 around the axial center of the piston 140, and the groove 153 is formed. Therefore, 
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it is not necessary to move the same processing track plural times, and the groove is 
formed in a short time, and the production time is shortened, and the productivity is 
enhanced. 

Density of refrigerant R600a is smaller than that of refrigerant R134a 
5 conventionally used in refrigerator, and in order to obtain same refrigerating 
capacity as the hermetic compressor using refrigerant R134a by using refrigerant 
R600a, generally, the cylinder volume is increased, and the outside diameter of 
piston 140 becomes large. Therefore, the refrigerant leaking into the hermetic 
container 101 from the cylinder 131 is increased because the passage area is 
10 increased. In the piston 140 of the preferred embodiment, however, since 
inclination to cylinder 131 is smaller, the efficiency is further enhanced. 

In a structure of forming a sub-shaft on the crank shaft 110 coaxially with 
main shaft 111 across the eccentric shaft 112, since the eccentric shaft is supported 
at both ends, the crank shaft 110 is hardly inclined. As a result, the piston 140 is 
15 less likely to incline in vertical direction toward the cylinder 131, and the behavior 
of piston 140 is stabilized, and sliding loss is decreased, increase of noise is 
suppressed, and high efficiency and low noise can be realized. 

INDUSTRIAL APPLICABILITY 
20 The hermetic compressor of the invention is decreased in sliding loss of piston 

outer circumference and enhanced in oil holding property, and is enhanced in 
efficiency. Further, inclination in piston sliding motion is suppressed, and reliability 
of sliding parts is improved. Therefore, the hermetic compressor can be applied 
widely including air conditioner and automatic vending machine. 

25 



